This study w a s a jo in t physiological and psychological e x p e rim e n t u ndertaken to d e te rm in e changes in physiological and psychological hum an fu nctio n s u nd er th e 
INTRODUCTION
The threshold of critical flicker fusion (CFF) is used as a fatigue indicator. For this reason it has been used to characterize workload of different jobs, for example, bus driving (Osaki, Kikuchi, & Ogata, 1976) , diving (Seki & Hugon, 1977) , hospital nursing (M atsumoto, Sasagawa, & Kawamori, 1978) , and train driving (Ikeda, Sato, & Tamura, 1989) . These studies have established a relationship between the decrease in CFF during work time and the increase in the feeling of fatigue.
Results reported in the literature indicate that besides workload, various other factors (individual and nonindividual) may influence CFF. Individual factors such as age (Curran, Hindm arch, Wattis, & Shillingford, 1990; Ishibashi, 1982) , length of em ploym ent (Osaki et al., 1976) , level of intelligence (Atwal, Chordia, Wanchoo, & Jain, 1988) , and sex (A m ir & Ali, 1989) determ ine changes in CFF.
In addition to workload, m onotony (Ikeda et al., 1989) , the time of day (M atsum oto et al., 1978) , atm ospheric pressure (Seki & Hugon, 1977) , physical attributes of visual stimulus (Iwasaki, Kurimoto, & Noro, 1989; Misawa & Shigeta, 1986) , drugs (Weber, Jeremini, & G randjean, 1975) , and alcohol (Smith & Misiak, 1976) are also cited as nonindividual factors affecting CFF.
Until now, there has been no inform ation about the influence of heat and noise on CFF. In this article we report the results of studies undertaken to provide this information.
C orrespondence and requests for reprints should be sent to A nna Luczak, Central Institute for Labour Protection, ul. Czerniakowska 16,00-701 Warsaw, Poland.
METHOD
The data used in these studies were obtained from experim ents involving a group of 10 healthy men, ranging in age from 20 to 27. The subjects were exposed to seven different experim ental conditions, which are shown in Table 1 . All tests were conducted in a climatic chamber, located in the Physiological Laboratory of the C entral Institute for Labour Protection (Warsaw Poland).
Inside the chamber, the tem perature was 40°C (heat condition) or 24°C (normal condition), the air humidity was kept constant at 40%, and the air flow was 0.1-0.2 m/s. The tem perature outside the cham ber was kept at 24 ± 1 °C. Industrial noise of 94 dB was delivered by using a prerecorded tape. The level of physical effort was 30% V02 max. Work conditions were simulated using a cycloergometer.
The duration of each experim ental variant was 95 minutes: 15 min of adaptation before entering the chamber, 60 min inside the cham ber (under the influence of specific experim ental conditions), and 20 min of restitution after exiting the chaamber.
Experimental Variables
Five psychological and two physiological variables were m onitored in this study (see Table 2 for the time frame of these experim ental variables).
CFF.
CFF was m easured with the Flicker Test (D ufour apparatus PV 8). Six replicate m easurem ents of ascending threshold (increase in the frequency of light flicker) and six replicate m easure ments of descending threshold (decrease in the frequency of light flicker) were perform ed. The threshold of CFF was m easured in hertz per second ( Hz/s). The range of frequency was 0 -1 0 0 Hz/s. In the case of ascending threshold, m easurem ent began at 30 Hz/s and in the case of descending threshold at 50 Hz/s. The speed of light frequency change was 1.5 Hz/s. The m easurem ents were conducted during adaptation and restitution periods. This was m easured with a trem om eter apparatus and was evaluated in term s of the time ot tasK realization(s), the num ber of errors, and their duration. Three replicate m easurem ents during adaptation and during restitution periods were perform ed.
Reaction Time.
. This was m easured with the Cross Test. A com puter version of this test was used. In it, a cross (105 X 95 mm) appears on a screen with one arm shorter than the other. The subject identifies the shorter one as quickly as possible by pressing a button. The cross is shown 144 times, each time for 4 s. R eaction time was evaluated in term s of reaction time and the num ber of errors. O ne m easurem ent was applied during adaptation and one during restitution.
Subjective Climate Evaluation.
This was m easured on the nine-step Subjective Climatic Scale (see A ppendix A). This evaluation was perform ed inside the cham ber 5 min after entering and 5 min before leaving the chamber.
Subjective Evaluation of Situation Load.
This was m easured on the eight-step Subjective Overload Scale (see A ppendix B), in the same m anner as the Subjective Climatic Scale.
Heart Rate.
This was continuously m onitored throughout the experim ent with a Sport Tester (Polar OY, Finland).
Rectal Temperature.
This was m onitored throughout the experim ent using an ELLA B thermistor. 
RESULTS
Summary of the average (n = 10) changes in psychological variables are listed in Table 3 . The results indicate that CFF, the subjective evaluation of the given condition load, and the subjective climate evaluation changed significantly during a 1-h experim ent. CFF increased under all experim ental variants, but the increase was statistically significant only when more than one experim ental variable was introduced. Noise, physical effort, or heat on their own had no significant influence on CFF. Subjective evaluations of given condition loads and subjective climatic evaluations also showed a significant increase under all experim ental conditions. Psychom otor functions (reaction time and hand trem or) did not change significantly under any of the studied conditions. Table 4 contains the summary of average (n = 10) changes in the values of the heart rate and the average in the 60th min. In nearly all experim ental variants (except for the variant with noise alone) we observed a statistically significant increase in the heart rate. The largest increase was observed under experim ental conditions involving physical effort in heat and in both noise and no-noise conditions. The average heart rate increase for these two conditions was 55 beats/min, and it reached 137 and 135 beats/min in the 60th min inside the chamber. Table 5 contains a summary for each experim ental condition of both the average (« = aThe value of average change between m easurements in the 5th and 60th min after entering the cham ber (°C) brectal tem perature averages in the 60th min after entering the cham ber (°C). * p < .05.
10) changes in the values of rectal tem perature, taken in the 5th and 60th min after entering the chamber, and the average rectal tem perature in the 60th min after entering the chamber. A statistically significant increase in rectal tem perature was observed in all experim ental variants with physical effort. The maximum average of rectal tem perature in the 60th ruin inside the cham ber was 37.57 °C. The range of the tem perature increases was from 0.39 °C to 0.73 °C.
DISCUSSION
The results of this study indicate that the increase in subjective perception of a given condition load is paralleled by an increase in CFF. This is contrary to reports from other studies (Ikeda et al., 1989; M atsum oto et al., 1978; Osaki et al., 1976; Seki & Hugon, 1977) , where subjective load feeling (i.e., the feeling of fatigue) correlated with a drop in CFF. However, it is also known that in a situation of stimulation overload, the level of CFF increases initially as a result of an activation level increase, and then gradually decreases (Rosner, 1982; Valle, Brisson, Dion, & Tonena, 1978) . Therefore, our results may indicate that the increase in the subjective evaluation of a given condition load was not equivalent to fatigue. The lack of im pairm ent in psychom otor perform ance also suggests the absence of fatigue. A t this point, it is interesting to com pare our results with Jansen's (1964) observations, which deal with physical perform ance increasing under the influence of noise. In our study we observed that noise causes an im provem ent in the results of reaction time, which was consid ered to be an indicator of psychom otor performance. But in the case of hand trem or, that is, the other psychom otor perform ance indicator, noise on its own decreases efficiency; adding physical effort improves the time of task realization but the num ber of errors increases. These results are not statistically significant, however, they are interesting and worth verifying on a larger population.
The presum ption about the absence of fatigue in our studies is further supported by the physiological results. H eart rate values in the 60th min inside the cham ber did not overrun the limit of 170 beats/min, the critical value for extreme hard work conditions (Koztowski & Nazar, 1984) . Also, the rectal tem perature maximum value did not exceed 38 °C and its increase did not exceed 1 °C, which are both critical values for the onset of disturbance in normal ther moregulation. In this study, CFF changes were the same as in previous studies when the Flicker Test was used as an overload m easurem ent. Therefore, CFF appears to be a good indicator of a given condition load.
The direction of CFF changes indicates that our experim ental situation did not cause fatigue. Perhaps this reflects experim ental circumstances: The subjects were young and healthy, they were under physical load conditions for only 1 h, and they had no chance to be affected by the long-term influence of heat and noise. It is likely that time change in CFF would be different for other age and professional groups, because both the length of em ploym ent (Osaki et al., 1976) and age (Curran et al., 1990; Ishibashi, 1982; ) influence CFF.
CONCLUSIONS
In our study, CFF was an adequate indicator of psychophysiological load. However, there is a need for future research on a larger and more diversified (age, sex, profession) popu lation, and for different kinds of physical load conditions, for example when the level of physical load is higher than 30% V02 max and the duration of the experim ent remains unchanged, and the level of physical load is unchanged but the duration of the experim ent is longer. 
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